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Paeoniflorin ameliorates acquisition impairment of a simple
operant discrimination performance caused by unilateral
nucleus basalis magnocellularis lesion in rats
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Abstract

The effect of paeoniflorin on learning impairment of operant brightness discrimination performance
was investigated in rats with unilateral nucleus basalis magnocellularis (NBM) lesion. The animals
with unilateral NBM lesion exhibited a significant acquisition impairment of brighthess discrimination
task during the early phase of a training period (1-5 days after starting the training session). When
administered daily during a training period, paeoniflorin significantly improved the learning impairment
of unilateral NBM-lesioned rats at 0.01 but not 0.1 mg/kg/day (p.o.). Tacrine (0.3 mg/kg/day, p.o.), a
cholinesterase inhibitor, also significantly ameliorated the learning deficit. These results suggest that
paeoniflorin improves the impairment of non-spatial learning performance caused by cholinergic
dysfunction in rats and that it may have a beneficial effect on senile dementia.

Key words paeoniflorin, unilateral nucleus basalis magnocellularis lesion, brightness discrimina-
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Introduction

Neuronal cell loss in the nucleus basalis has been
found in the brains of patients suffering from Alz-
heimer’s disease and senile dementia."”” The nucleus
basalis magnocellularis (NBM) sends cholinergic
projections to the neocortex in a rat.” In experimen-
tal animals, lesion of NBM produces the learning and
memory deficits.” For example, NBM lesions cause
impairment of working memory ,5'6) memory reten-

10) ..
In addition, a

tion ™ and selective attention.”
previous report from this laboratory showed that
unilateral NBM lesion is sufficient to produce a sub-
stantial spatial learning deficit in rats.”” These pro-
files of NBM lesion provide a useful animal model of

dementia of the Alzheimer-type.

Paeoniflorin is a major component of the peony
root, an herb that has long been used in traditional
Chinese prescriptions to treat certain types of
dementia. Recent reports from this laboratory demon-
strated that perorally administered aqueous extract of
peony root and paeoniflorin attenuated scopolamine-
induced impairment of radial maze performance in
rats'” and unilateral NBM lesion-induced impair-
ment of learning performance in the 4-arm baited
radial maze task in rats.” These findings suggest
that paeoniflorin has a beneficial effect on cholinergic
dysfunction-induced memory impairment in spatial
cognitive tasks such as a radial maze task. However,
no information is available on the effect of paeoniflor-
in on learning performance impaired by dysfunction of
central cholinergic systems in non-spatial cognitive
tasks such as an operant discrimination, although
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Ohta et al."” reported that paeonifiorin administered
p.o. improved acquisition performance of aged rats in
an operant brightness discrimination task. In the
present study, to further elucidate the effect of paeont-
florin on cholinergic dysfunction-induced impairment
of learning performance, we investigated the effect of
paeoniflorin on NBM lesion-induced deficit in the
discrimination learning in rats, and compared it to
that of 9-amino-1,2,3,4-tetrahydroacridine (tacrine),
a potent cholinesterase inhibitor.

Materials and Methods

Awnimals 1 Male Wistar rats (Japan SLC, Shizuo-
ka) weighing 290-390 g were used. Four rats were
housed in a cage with free access to water in an air-
conditioned room. Housing conditions were thermos-
tatically maintained at 23 +£1°C with 60 9% humidity,
in a 12h light/dark cycle (lights on:07:30-19:30 h).
Rats were maintained on a restricted feeding schedule
designed to keep their body weight at about 85 9% of
the free-feeding level. All trials were performed
between 09:00-18:00 h. Prior to these experiments,
animals were handled for 5-10 min per day for 3
consecutive days.

Lesioning of NBM : NBM lesion was performed
by slightly modifying the methods described in a
previous report.m Briefly, the animals were anesthet-
ized with pentobarbital-Na (35 mg/kg, i.p., Abbott
Laboratories, IL, USA) and fixed on a stereotaxic
apparatus. Ibotenic acid (7.5 £g/0.5 xl; Sigma Chem.,
MO, USA) dissolved in phosphate-buffered saline
(pH 7.4) was injected into the unilateral NBM (1.3
mm posterior to the bregma ; 2.4 mm lateral to the
suture ; 7.4 mm ventral to the surface of the cortex)
according to the atlas of Paxinos and Watson " over
3 min. The injection needle was left in the place for 6
min after administration. The rats injected with the
same volume of phosphate-buffered saline alone were
used as the sham-operated group. After completing
the behavioral study, coronal brain sections were
prepared from the NBM lesioned rats and the location
and extent of the lesions were confirmed.

Apparatus : As previously reported the rats were
trained in a standard rodent Skinner cage (31 X29x23
cm, MATYS, Toyama, Japan) equipped with two

retractable levers placed 15 ¢cm apart and 5 cm above
the grid floor. In this study, only the right lever was
used. Pressing the lever was reinforced by a food
pellet (45 mg, Bio-Serve, NJ, USA). A food pellet
receptacle was mounted 3 cm above the floor at an
equal distance between the levers. The test cage was
placed in a sound-proof cubicle equipped with a 6 W
house light that was used as a cue signal. A dim light
located above the lever was always turned on during
each experimental session. Stimulus application, food
supply, and recording of lever pressing responses were
controlled using a microcomputer.

Procedures The behavioral procedure was

. 13,15,16)
detailed elsewhere.

Briefly, the animals were
first adapted to the test cage and trained to press the
lever for food reinforcement (FR1). This schedule
was progressively increased in ratio until an FR10
schedule was attained. When the number of responses
stabilized (more than 20 pressings/min), the rats
received either unilateral NBM lesion or sham-opera-
tion. After a 1-week recovery period, the pretest
session was performed. In this session, the house light
was alternately turned on and off in a 3-min intervals
for a 24-min session period to assess neophobic reac-
tions to lights off. After the pretest session, brightness
discrimination training was started. Each training
session consisted of FR10 reinforcement for lever
presses during periods when the house light was on
(S+) and of no reinforcement for presses during
periods when the light was off (S-). The duration of
a S+ or S- period was 3 min and each period was
presented alternately. The total duration of a session
was 24 min. The percentage of incorrect responses,
the number of responses during S- periods divided by
the number of responses in a session, was calculated.

Drug lests : Either paeoniflorin or water was
administered perorally (p.o.) 90 min before daily
training for acquisition of brightness discrimination
performance. When testing tacrine (Sigma Chem., St.
Louis, MO, USA), either saline or tacrine was ad-
ministered p.o. 60 min before daily training. Paeoni-
florin and tacrine were dissolved in water (= pH 7.0)
just before the start of the experiments, and adminis-
tered in a constant volume of 0.2ml/100g body
weight, respectively.

Statistics : Differences between the percentages of



Journal of Traditional Medicines (Vol.14 No.3 1997) 165

incorrect responses were analyzed using two-way
analysis of variance (ANOVA).

Results

Discrimination learning in NBM -lesioned rats

In the pretest session, the number of responses
during the S- period was about 50 9 of the responses
in NBM-lesioned and sham-operated groups, suggest-
ing that these animal groups exhibit no neophobic
reactions to the discriminative stimulus (darkness)
(Fig. 1). No significant difference in the final level of
the percentage of incorrect responses was observed
between NBM-lesioned and sham-operated groups
after a 10-day training period. NBM-lesioned rats,
however, showed significantly impaired learning per-
formance compared with sham-operated animals in
the early phase of training sessions (during a 5-day
training period). A two-way ANOVA revealed a
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Fig. 1 Effect of paeoniflorin (0.01 mg/kg/day) on bright-
ness discrimination learning in rats with unilateral NBM
lesion. Paeoniflorin (PAE : 0.01 mg/kg) was administered
perorally 90 min before daily training sessions. The num-
ber of animals used are shown in parenthesis. Each data
points represents the mean+S.E.M. ***P <0.001 compared
with sham-operated group. ###P <0.001 compared with
vehicle-treated NBM lesion group. The % incorrect data
obtained in the early phase (from day 1 to day 5) were
statistically analyzed.

significant group difference in terms of the percentage
of incorrect responses [F(1,55) =26.44, P<0.001] but
not in terms of the responses [F(1,55) =1.84, P>0.05]
throughout the early phase of training sessions (from
day 1 to day 5).
Effects of paeoniflorin on discvimination learning
impaived by NBM lesion

As shown in Fig. 1, the daily administration of
paeoniflorin (0.01 mg/kg, p.o.) attenuated impairment
of the discrimination learning observed in NBM -
lesioned rats during the early phase of training ses-
sions (from day 1 to day 5). A two-way ANOVA
revealed a significant group difference between NBM-
lesioned rats with and without paeoniflorin treatment
[F(1,70) =17.7, P<0.001]. This treatment did not
affect the total number of responses in NBM-lesioned
rats. Paeoniflorin, at a higher dose of 0.1 mg/kg/day,
did not produce a significant effect on the impairment
of discrimination learning caused by unilateral NBM
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Fig. 2 Effect of paeoniflorin (0.1 mg/kg/day) on bright-
ness discrimination learning in rats with unilateral NBM
lesion. Paeoniflorin (PAE : 0.1 mg/kg) was administered
perorally 90 min before daily training sessions. The num-
ber of animals used are shown in parenthesis. Each data
points represents the mean=S.E.M. The 9 incorrect data
obtained in the early phase (from day 1 to day 5) were
statistically analyzed. ***P <0.001 compared with sham-
operated group.
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Fig. 3 Effect of tacrine on brightness discrimination learn-
ing in rats with unilateral NBM lesion. Tacrine (THA :
0.3 mg/kg) was administered perorally 60 min before
daily training sessions. The number of animals used are
shown in parenthesis. Each data point represents the
mean=+S.E.M. The data obtained in the early phase (from
day 1 to day 5) were statistically analyzed.**P <0.01 and
*P<0.05 compared with sham-operated group. #P<0.05
compared with vehicle-treated NBM lesion group.

lesion [F(1,59) =0.012, P>0.05 ; Fig. 2] . No significant
difference in the number of responses was observed
among groups.
Effects of tacrine on discrimination leayning impaived
by NBM lesion

The daily administration of 0.3 mg/kg (p.o.) ta-
crine, a reference drug, significantly improved impair-
ment of discrimination learning observed in NBM-
lesioned rats during the early phase of training ses-
sions {from day 1 to day 5). A significant group
difference in the percentage of incorrect responses
was observed between NBM-lesioned rats with and
without tacrine treatment [F (1,65) =4.04, P <0.05,

- Fig. 3].

Discussion

NBM provides primary cholinergic projections to
the neocortex in rats’ and lesions of this nucleus are

known to cause deficits in learning and memory
performance in a variety of behavioral tas g2 1T
This NBM lesion model has widely been utilized in an
attempt to develop new cognitive enhancing drugs
effective for the treatment of the Alzheimer disease.
In the present study, the daily administration of
paeoniflorin (0.01 mg/kg, p.o.}, as well as daily admin-
istration of the cholinesterase inhibitor tacrine, signif-
icantly improved impairment of operant discrimina-
tion performance caused by unilateral NBM lesion in
rats. These findings further support the idea that
paeoniflorin may be useful for treatment of dementia
caused by cholinergic dysfunction.

In this study, unilateral NBM lesion caused
impairment of acquisition of a simple operant discrim-
ination performance in rats and this impairment was
observed only in the early phase of training sessions.
This finding agrees with the data reported by Santuc-
"™ The
latter authors showed that bilateral ibotenic acid

ci and Haroutunian® and Butt and Hodge.

lesions of NBM impaired acquisition performance in
an operant discrimination task in rats and that
lesioned rats were performing as well as sham groups
by the last test day. Thus, it is conceivable that
unilateral lesion of NBM produces a qualitatively
similar deficit in acquisition performance in a non-
spatial cognitive task to bilateral NBM lesions. Ohta
et al. demonstrated using a 4-arm baited radial maze
task that a spatial learning unilateral NBM lesion
caused deficits in rats and that this deficit was due to
impairment of both working and reference memories.
Moreover, they found that paeoniflorin ameliorated
the unilateral NBM lesion-induced deficits in working
and reference memories.”” Taken together, the pres-
ent results suggest that paeoniflorin produces benefi-
cial effects on acquisition impairments of both spatial
and non-spatial cognition caused by NBM lesion in
rats.

The daily peroral administration of tacrine (0.3
mg/kg) significantly improved acquisition impair-
ment in adult rats with unilateral NBM lesion, indicat-
ing a role of cholinergic systems in acquisition perfor-
mance of rats in an operant discrimination task. This
result is in contrast to the previous findings in this
laboratory B that scopolamine did not impair dis-
crimination learning in young rats and that daily
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administration of tacrine (0.3 and 1 mg/kg, i.p.) failed
to improve impairment of discrimination learning in
aged rats in which dysfunction of central cholinergic
systems is well accepted.zo'm An exact reason for this
discrepancy remains unclear but it may be due to
involvement of not only cholinergic systems but also
other neuronal systems in aging- and scopolamine-
induced deficits in learning and memory.zz'w

Daily treatment with 0.1 mg/kg paeoniflorin had
no significant effect on unilateral NBM lesion-in-
duced acquisition impairment in an operant discrimi-
nation task in this study. This result is consistent with
the data that daily administration of paeoniflorin at
the same dose did not improve acquisition perfor-
mance of aged rats in the same task.”” In a previous
study, we observed a bell-shaped dose response rela-
tionship in the action of paeoniflorin on scopolamine-
induced spatial cognitive impairment.m Thus, it will
be interesting to test the effect of paeoniflorin using
doses lower than 0.01 mg/kg.

In conclusion, the present results indicate that
paeoniflorin improves the impairment of non-spatial
learning performance caused by unilateral NBM
lesion in rats. These findings suggest the therapeutic
potential of paeoniflorin in the treatment of Alz-
heimer-type disease. Nevertheless, further investiga-
tion will be required to clarify the mechanism under-
lying the ameliorative action of paeoniflorin on unilat-
eral NBM lesion-induced non-spatial cognitive

impairment.
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